Fever of unknown origin (FUO) is a frequently observed phenomenon in clinical practice. The present study was aimed to investigate potential causes of FUO, thereby improving clinical diagnosis of this disorder.
Introduction
Fever of unknown origin (FUO) refers to a pathological condition with a fever higher than 38.3°C (101°F) lasting more than 3 weeks, and is characterized by easy relapse and uncertain diagnosis after 1 week of treatment in hospital. [1] Two major amendments to the initial definition of FUO were released in 1991: first, observation period was abridged to 3 days instead of 1 week, and the number of diagnosis operated only during in-hospital evaluation was no less 3; second, FUO was divided into 4 types: classical FUO and nosocomial-, neutropenic-and HIV-associated FUO. [2] Definite diagnosis of FUO is a great challenge in clinical practice due to its complex causes. Potential causes for FUO involve more than 200 diseases. Moreover, FUO diagnosis is also affected by various factors, such as countries, technical levels, and clinician experiences. Identifying etiological causes and characteristics of FUO is of great importance for clinical work all the time. In this study, we retrospectively analyzed the clinical characteristics of 215 patients with classical FUO, who were diagnosed in Chinese PLA General Hospital and received a mean 24-month follow-up investigation.
Patients and methods
More than 600 patients presenting fever more than 3 weeks were collected from the department of fever related diseases of the Chinese PLA General Hospital between January 2009 and December 2010. The patients were more than 12 years old. After diagnosis according with the criteria of FUO, [2] 215 patients were finally recruited in this study, who had an 18 to 36 months follow-up visit. Patients with nosocomial infection, HIV infection, immunocompromise or in pregnancy were excluded from this study. None of the patients had received antibiotic treatments or hormone therapy within 3 months before the study. Immunocompromised patients, such as those with neutropenia (leukocyte count <1.0 Â 10 9 /L and/or granulocyte count <0.5 Â 10 9 /L) suffering fever at least 1 week within the past 3 months, those having known human immunodeficiency virus (HIV)-infection or known hypogammaglobulinemia (IgG<50% of the normal value) and those receiving the equivalent of more than 10 mg prednisone during at least 2 weeks in the past 3 months, were also excluded from this study. [3] Inclusion and exclusion criteria for study participants are listed in Table 1 .
After enrollment, detailed medical history, physical examination results, and laboratory data were obtained from each patient. Laboratory data included complete blood count, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), procalcitonin (PCT), biochemical tests (urea, creatinine, alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, bilirubins, albumin and globulin, lactate dehydrogenase, creatine kinase), antinuclear antibodies, rheumatoid factor, urinalysis, tuberculin skin test, blood and urine cultures, abdominal ultrasonography or computed tomography (CT), tuberculin skin test, and chest X-ray. Certain patients also had invasive examinations such as biopsies from bone marrow, liver, enlarged lymph node, and other relevant tissues.
The causes were classified into 5 groups: infectious diseases (IDs), connective tissue diseases (CTDs), neoplasm (N), miscellaneous (Mi), and undiagnosed (U). [4] 
Ethical considerations
This study was reviewed and approved by the Research Ethics Committees of the Chinese PLA General Hospital. All participants signed written informed consents.
Statistical analysis
Comparisons between 2 groups were performed through Kruskal-Wallis test for variables which followed non-normal distribution, while t test was used to compare those in normal distribution. Chi-square test or Fischer exact test were adopted to analyze categorical data. All baseline variables were entered into a logistic regression analysis with a stepwise selection procedure, which was used to identify the association between factors and diagnosis of infectious diseases. The entry and removal criteria were P = .05 and P = .10, respectively. 95% confidence intervals (95% CIs) were calculated for each comparison. The area under the receiver-operating characteristic curve (AUC) was used to describe the diagnostic performance of the factors. P value less than .05 was considered statistical significance. Statistical analyses were performed using SAS software version 9.2.
Results
A total of 215 patients, containing 102 (47.4%) females and 113 (52.6%) males, were enrolled in our study, with a median age of 38.7 years (13-80). Within 15 days before hospitalization, the patients only received routine home therapy, including cold compress (33 cases), hot compress (35 cases), bath (27 cases), supplement liquid (39 cases), and dietary therapy (64 cases). The median fever duration of these patients was 166 days (21-7500). Moreover, the median follow-up time was 24.1 months, ranging from 18 to 36 months.
Spectrum of diseases causing FUO
Diagnosis results of FUO cases are summarized in Table 2 . IDs were observed in 91 (42.3%) of the FUO patients, representing the most common cause for the disease. The second common reason for FUO was CTDs, accounting for 32.1% (69/215) of the cases, followed by Mi (23/215, 10.7%) and N (14/215, 6.5%). However, there were still 18 (8.4%) undiagnosed FUO patients.
In our study, the most common diseases causing FUO were adult onset Still disease (AOSD) (37/215, 17.2%), followed by tuberculosis (16/215, 7.4%), vasculitic syndromes (14/215, 6.5%), and urinary tract infection (12/215, 5.6%). The most We compared the clinical characteristics of the patients between different groups classified according to the causes of FUO. CTDs were more common in women, while IDs and N were more frequently observed in men (P = .0141). We observed shorter duration of fever (P = .0068), lower temperature (P = .0363), and more frequent fever in the afternoon (P<.0001) in IDs. Remittent fever was more common in CTDs group, and typical periodic fever was more frequent in Brucellosis.
Splenomegaly, high primed lymphocyte test (PLT) counts and low measures of hemoglobin (HB) were common in N group (P < .0001, P = .0032, P = .0039 respectively). High leukocyte counts and high measures of ESR were more frequently observed among patients in CTDs group (P = .0094, P = .0024 respectively) ( Table 3 ).
Diagnosed and undiagnosed.
In our study, there were still 18 patients (8.4%) with undiagnosed FUO, and 3 of them spontaneously recovered in 6 months. Chill number per day was fewer in these undiagnosed patients than the diagnosed patients (P = .0474). There were no significant differences in characteristics of history, physical examination findings or Laboratory data between the diagnosed and undiagnosed patients (data not shown).
Discussion

Etiological reasons of FUO
In this study, a total of 215 Chinese FUO patients were included. We analyzed the clinical characteristics and etiological causes for Table 3 Patients characteristics of infectious, neoplasm, and collagen vascular diseases. Table 4 ). IDs were the most common cause of FUO. Based on the series of retrospective reports on classical FUO among people living in northern China [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] which were published between 2002 and 2012, we found that the appearing frequencies of IDs, CTDs, N, and Mi were 51.5%, 18.4%, 11.9%, 7.1% respectively. Among 2502 FUO patients, 10.1% of them remained undiagnosed (Table 5 ). However, in Western counties, the etiology of FUO shows differences from that in China. Previously, 6 articles including a total of 837 FUO patients in Western counties were published between 2003 and FUO = fever of unknown origin, IDs = infectious diseases, CTDs = connective tissue diseases, N = neoplasm, Mi = miscellaneous. * P = .0002.
Table 5
The common causes of FUO during the last two decade in north China.
Published year Etiological reasons IDs CTDs N Mi
Our study 40 Tuberculosis AOSD Lymphoma Necrotizing lymphadenitis 2012 [5] 21
Pneumonia MCTD Lymphoma Drug fever 2011 [6] 44 Tuberculosis AOSD Lymphoma Drug fever 2010 [7] 34 Tuberculosis SLE Lymphoma Drug fever 2009 [8] 30
Bacterial infection AOSD Caners Crohn disease 2008 [9] 28 Tuberculosis AOSD Lymphoma Necrotizing lymphadenitis 2007 [10] 20
Tuberculosis AOSD Lymphoma Drug fever 2006 [11] 51 Tuberculosis AOSD Lymphoma Drug fever 2005 [12] 37 Tuberculosis SLE Malignant histiocytosis Drug fever 2004 [13] 50 Tuberculosis AOSD Lymphoma Necrotizing lymphadenitis 2003 [14] 48 Septicaemia SLE Malignant histiocytosis Drug fever 2002 [15] 52 Septicaemia AOSD Lymphoma Drug fever 2016 [16] 28 visceral leishmaniasis PR, AOSD Haematological disorders deep vein phlebothrombo sis 2010 [17] 22
Tuberculosis SLE NHL Fictitious 2010 [18] 33 Endocarditis Temporal arteritis NHL subacute thyroiditis 2007 [19] 21 CPY SLE NHL Drug fever 2006 [20] 32
Epstein-Barr virus Giant cell arteritis Colorectal cancer Habitual hyperthermia 2003 [21] 36
Endocarditis AOSD NHL Habitual hyperthermia AOSD = adult onset Still disease, CPY = chronic persistent yersiniosis, CTDs = connective tissue diseases, FUO = fever of unknown origin, IDs = infectious diseases, Mi = miscellaneous, N = neoplasm, NHL = non-Hodgkin lymphoma, PR = polymyalgia rheumatica, SLE = systemic lupus erythematosus.
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2016. [16] [17] [18] [19] [20] [21] In these researches, the appearing frequencies of IDs, CTDs, N, Mi, and undiagnosed cases were 29.1%, 25.8%, 11.6%, 11.7%, and 26.1%, respectively. The differences in the frequencies between Chines and Western countries might be attributed to diverse geographical environments, climate changes, dietary habits, as well as the divergence in medical levels. In addition, after comparing the etiological reasons of FUO between the last decade of the last century and the first decade of this century, we found a downward tendency in the frequencies of IDs and Mi and an upward trend in N and U frequencies (P = .0002). Nonetheless, in recent years, the frequencies of IDs and N as FUO causes have declined, while CTDs exhibited an increasing trend in northern China (Fig. 1) . And we hypothesized that these changes might be partly attributed to the advances in serological and immunological diagnostic tests. [15] The differences in undiagnosed rate (from 0.9% to 15.4%) might be partially explained by the changes in FUO definitions. There were 52 diseases described as FUO causes in the above 12 reports. Tuberculosis in IDs group was most common among FUO patients in north China, followed by AOSD in CTDs, lymphoma in N, and drug fever in Mi. Traditional Chinese drugs, used widely in China, have also received increasing attentions in FUO research field, being regarded as one of the most important reasons for drug fever. [22] Apart from the several aspects mentioned in our study, some other factors may be also involved in FUO, such as neurosarcoidosis, sarcoid granulomas. [23] [24] [25] [26] In order to improve the diagnosis rate of FUO, more relevant studies will be required.
Comparing the characteristics of FUO patients
We compared the clinical characteristics of FUO patients between different groups divided according to the etiological reasons. Through the comparisons among IDs, CTDs, and N groups, we found that CTDs group had more females and higher ESR, while splenomegaly and lower HB level were frequently observed in N group. These results were similar with those from previous reports. [27, 28] Because information about highly specific characteristics was insufficient, [29] we focused on the characteristics of fever in FUO cases, including duration, type, the highest body temperature, fever peak per day, with or without cold, and chill. Accordingly, we observed shorter fever duration, lower level of the highest body temperature and more fever in the afternoon among patients in IDs group; meanwhile, intermittent fever was more common in CTDs group in this study. Besides, we also noted 2 special types of fever in some cases, and FUO-triggering diseases affecting these patients might conduce to the diagnosis of FUO.
The first special type of fever was regularly intermittent, which was more common in FUO patients induced by urinary infections. Regularly intermittent fever was observed in 10 of 12 cases with urinary infections in this study. Regularly intermittent fever refers to regularly alternative appearance of fever and intermission, showing almost equal numerical value of fever peak and same time in every fever stage, and similar duration for both fever and intermission.
The other special type of fever was irregularly intermittent, which was more common in FUO patients caused by infective endocarditis. Irregularly intermittent fever was observed in all infective endocarditis cases in this study. Irregularly intermittent fever sees irregular appearance of fever and intermission, that is to say, numerical values and times of fever peak as well as the duration of fever and intermission are almost absolutely different between all fevers.
In conclusion, despite their decreased frequency, IDs were still the most common causes of FUO in north China in recent years. As another important etiological reason of FUO, CTDs exhibited increasing frequency, which could possibly be explained by the advances in serological and immunological diagnostic tests. The special types of fever might be regarded as potentially diagnostic clues which might improve clinical diagnosis of FUO. www.md-journal.com
